A novel Gram-staining-negative, non-spore-forming, non-flagellated, non-motile, aerobic, saffron-coloured, rod-shaped bacterium that did not produce flexirubin-type pigments was designated strain EM7 T and was distinct from other members of the genus Bizionia by produce carotenoid-type pigments and being able to grow independently of NaCl. Strain EM7 T was isolated from the intestinal tract of an egg cockle, Fulvia mutica, which had been collected from the West Sea in Korea. Phylogenetic analysis based on the 16S rRNA gene sequence showed that strain EM7 T belonged to the genus Bizionia, and showed sequence similarity to Bizionia paragorgiae KMM 6029 T (97.9 %) and Bizionia saleffrena HFD T (97.73 %). Growth occurred on marine agar 2216 at 0-25 8C (optimum, 20 8C) and at pH 6-9 (optimum, pH 7). Growth occurred in the presence of 0-10 % (w/v) NaCl (optimum, 2 %, w/v, NaCl). The major cellular fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 17 : 0 3-OH and iso-C 16 : 0 3-OH. The major respiratory quinone was menaquinone MK-6. The polar lipids of strain EM7 T comprised phosphatidylethanolamine, three unidentified aminolipids, an unidentified aminophospholipid and two unidentified lipids. The genomic DNA G+C content was 34.8 mol%. Bizionia paragorgiae KMM 6029 T and Bizionia saleffrena HFD T to Bizionia paragorgiae KCTC 12304 T and Bizionia saleffrena CIP 108534 T , respectively. Thus, it is proposed that the isolate represents a novel species, Bizionia fulviae sp. nov., with strain EM7 T (5KACC 18255 T 5JCM 30417 T ) as the type strain.
To date, the family Flavobacteriaceae comprises more than 100 genera. Many genera within the family Flavobacteriaceae have been isolated from a variety of marine habitats (Bernardet & Nakagawa, 2006) . Phylogenetic studies based on dissimilarities between 16S rRNA gene sequences revealed that these genera cluster as a distinct clade, defined as a 'marine clade', within the family Flavobacteriaceae (Bowman, 2004 (Bowman, , 2006 Bowman & Nichols, 2005) . Bacteria belonging to the marine clade are closely associated with red tides, algal blooms and the mineralization of organic matter in marine environments (Bowman et al., 1997; Pinhassi et al., 2004) . These findings may help to elucidate the ecological role and physiological potential of the novel strain in the microbial community. Furthermore, identify-ing and characterizing the novel strain demonstrates its interactions within communities. IP: 54.70.40.11
On: Thu, 13 Dec 2018 01:37:29 cockle to verify its taxonomic position using a polyphasic study approach. The results showed that EM7 T is a representative of a novel species belonging to the genus Bizionia.
Strain EM7 T was isolated from the intestinal tract of an egg cockle, Fulvia mutica, which was collected from the West Sea in Korea. Homogenized intestinal tract tissue was diluted with filtered PBS buffer (Bioneer) and inoculated onto marine agar 2216 (MA; Difco) at 15 8C or 25 8C using the standard dilution-plating method. The bacteria were isolated at 15 8C. A pure culture from a single colony was obtained after repeated cultivation. All tests were conducted in triplicate. The isolate was cryopreserved at 280 8C as a suspension in marine broth 2216 (MB; Difco) containing 40 % (v/v) glycerol.
To confirm the taxonomic position of the isolate, the 16S rRNA gene was amplified by colony PCR using a PCR pre-mix (iNtRon Biotechnology) containing two universal bacteriaspecific primers: Bac 8F (59-AGAGTTTGATCCTGGCTCAG-39) and Bac 1492R (59-GGYTACCTTGTTACGACTT-39) (Lane, 1991) . The 16S rRNA gene amplicon was sequenced using a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems). The sequences of the 16S rRNA gene fragments were assembled using the SeqMan program (DNASTAR). The assembled 16S rRNA gene sequence (1440 nt) was compared with that of other strains using the EzTaxon-e server (Kim et al., 2012) . The results showed that strain EM7 T shared 97.9 % sequence similarity with Bizionia paragorgiae KMM 6029 T and 97.7 % sequence similarity with Bizionia saleffrena HFD T . For phylogenetic analysis, the 16S rRNA gene sequences of the novel strain were aligned with those of closely related species using the multiple sequence alignment program CLUSTAL W (Thompson et al., 1997) . A phylogenetic consensus tree was reconstructed in MEGA version 5 (Tamura et al., 2011) using three algorithms based on 1000 randomly chosen bootstrap replications: neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) . The phylogenetic tree revealed that strain EM7 T clustered with other closely related species belonging to the genus Bizionia (Fig. 1) . To perform a polyphasic study to further characterize strain EM7 T , Bizionia paragorgiae KCTC 12304 T (5KMM 6029 T ) and Bizionia saleffrena CIP 108534 T (5HFD T ) were obtained from the Korean Collection for Type Cultures (KCTC) and the Collection of Institut Pasteur (CIP), respectively.
Gram-staining, cell morphology, and the general appearance of the colonies were examined after incubation at 20 8C for 48 h. Gram-staining was performed using a Gram stain kit (bioMérieux) according to the manufacturer's instructions. Cell morphology was observed under a light microscope (ECLIPSE 50i; Nikon) and cell size was measured by using ProgRes CapturePro version 2.8.8. To observe detailed cellular morphology, a fieldemission electron microscope (SUPRA VP55; Carl Zeiss) was used ( Fig. S1 , available in the online Supplementary Material). A cellular motility test was performed in MB medium containing 0.4 % agar (Tittsler & Sandholzer, 1936) . Growth under anaerobic conditions was investigated by incubating the bacteria for 7 days in an anaerobic chamber containing N 2 , H 2 and CO 2 (90 % : 5 % : 5 %). The growth of strain EM7 T was examined under various conditions, including different temperatures, salinity and pH, to identify the optimal growth conditions. The growth temperature test was performed in MB at 0, 4, 10, 15, 25, 30, 37, 45, 55 and 65 8C. For the growth salinity test, the isolate was incubated in a medium that comprised all of the components of MB except NaCl, which was then supplemented at 0, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 % (w/v) NaCl. The optimum pH for growth was tested by culturing bacteria in MB supplemented with one of three buffer solutions: 10 mM (w/v) MES (Sigma-Aldrich) for pH 4, 5 and 6; 10 mM (w/v) TAPS (Sigma-Aldrich) for pH 7, 8 and 9; and 10 mM (w/v) Na 2 HPO 4 (Sigma-Aldrich) for pH 10 and 11. All pH values were adjusted by adding 2 M (v/v) HCl or 1 M (w/v) KOH. The turbidity of each individual culture was assessed by measuring the OD at 600 nm in a spectrophotometer (Synergy MX; Bio Tek) according to the method of Hyun et al. (2015) . Cells of strain EM7 T were Gram-staining-negative, rod-shaped (0.8-0.9 mm wide and 3.6-3.8 mm long) and non-motile. The cells did not grow under anaerobic conditions. The results of the growth tests indicated that the isolate grew optimally at 20 8C in the presence of 2 % (w/v) NaCl at pH 7. The range of conditions for growth were 0-25 8C, pH 6-9, in the presence of 0-10 % (w/v) NaCl.
The isolate was grown in the absence of light to detect flexirubin and carotenoid-type pigments under optimal conditions for 48 h. The presence of flexirubin-type pigments was examined by exposing cells to 20 % (w/v) KOH, which causes a colour shift from yellow to red, purple or brown (Bernardet et al., 2002) . The results showed that the isolate did not produce flexirubin-type pigments. To test for the presence of carotenoid-type pigments, cellular pigments were extracted according to the method of Schmidt et al. (1994) , with minor modifications, and analysed by measuring the absorption spectrum using a scanning UV/visible spectrophotometer (Synergy MX; BioTek). A three-peak signature (peaks at 420 nm, 450 nm and 480 nm) confirmed that strain EM7 T contained carotenoid-type pigments.
Catalase activity was checked by observing bubble production in a 3 % (v/v) hydrogen peroxide solution. Oxidase activity was confirmed by observing colour changes after exposure to 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux). Carbohydrate fermentation, enzyme activity and utilization of various carbon sources were also tested to identify the biochemical characteristics of strain EM7 T . These characteristics were then compared with those of the reference strains. Utilization of individual carbon sources was tested under optimal growth conditions using GN2 MicroPlates (Biolog) and GN/GP inoculating fluid (Biolog), according to the manufacturer's instructions. Enzyme activities and assimilation patterns were characterized using API ZYM and API 20NE test strips (bioMérieux), with a minor modification to the manufacturer's instructions (distilled water supplemented with 2 % (w/v) NaCl was used as the inoculating fluid). Strain EM7 T was catalase-positive and oxidase-positive. The biochemical characteristics of strain EM7 T and its closest relatives are presented in Table 1 .
Cellular fatty acids, isoprenoid quinone and polar lipids were examined to identify the chemotaxonomic characteristics of strain EM7 T . Strain EM7 T , Bizionia paragorgiae KCTC 12304 T and Bizionia saleffrena CIP 108534 T were cultured on MA plates at 20 8C for 48 h. The fatty acids were then extracted according to the method of the Sherlock Microbial Identification System (MIDI, 1999) and analysed by GC using an Agilent 6890 gas chromatograph (Agilent Technologies). Extracted fatty acids were identified using the Microbial Identification software package (Sherlock, version 6.2) and the TSBA6 database (Sasser, 1990) . The major cellular fatty acids (.5 % of total fatty acids) identified in strain EM7 T were anteiso-C 15 : 0 (18.29 %), iso-C 15 : 0 (11.13 %), iso-C 15 : 1 G (8.83 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 8.13 %), iso-C 17 : 0 3-OH (7.24 %) and iso-C 16 : 0 3-OH (5.56 %). The cellular fatty acid profiles of strain EM7 T and the reference strains are presented in Table 2 . Polar lipids were extracted from strain EM7 T as described by Xin et al. (2000) and separated by two-dimensional TLC on a silica gel 60 F 254 plate (Merck). Spots were visualized by spraying with four different detection spray reagents as described by Tindall (1990) , with minor modifications: 5 % (v/v) ethanolic molibdophosphoric acid (Sigma-Aldrich) for total lipids, ninhydrin spray reagent (Sigma-Aldrich) for amino-group-containing lipids, molybdenum blue spray reagent (Sigma-Aldrich) for phosphorous-group-containing lipids and a-naphthol reagent (Komagata & Suzuki, 1987; Minnikin et al., 1977) for visualizing glycolipids. Phospholipids were identified by one-dimensional TLC with standard compound (Sigma). Strain EM7 T contained phosphatidylethanolamine, three unidentified aminolipids, an unidentified aminophospholipid and two unidentified lipids (Fig. S2 ). Isoprenoid quinone was extracted from strain EM7 T and from the reference strains using chloroform/methanol (2 : 1, v/v) according to Table 1 . Characteristics of strain EM7 T and type strains of the most closely related species
Strains: 1, EM7 T ; 2, Bizionia paragorgiae KCTC 12304 T ; 3, Bizionia saleffrena CIP 108534 T ; 4, Bizionia gelidisalsuginis IC164 T . All data are derived from the current study unless indicated. All strains required yeast extract for growth. Data reflecting carbon source assimilation were obtained using API 20NE test strips and a GN2 MicroPlate, and enzyme activity was examined using API ZYM and API 20NE test strips except for strain Bizionia gelidisalsuginis IC164 T . All strains didn't showed anaerobic condition, were positive for catalase, oxidase and alkaline phosphatase activities, and assimilated Tween 80, acetic acid, propionic acid and L-leucine. Strain EM7 T , Bizionia paragorgiae KCTC 12304 T and Bizionia saleffrena CIP 108534 T were positive for esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities, and assimilated Tween 40, succinic acid monomethyl ester, a-ketobutyric acid, a-ketovaleric acid, L-alanylglycine, L-aspartic acid and glycyl L-glutamic acid; these characteristics were not determined for Bizionia gelidisalsuginis IC164 T . +, Positive; 2, negative; ND, no data reported. the method of Collins & Jones (1981a) . One-dimensional TLC on a silica gel 60 F 254 plate (Merck) in hexane/benzene/chloroform (5 : 2 : 1, by vol.) was performed to purify the isoprenoid quinones extracted from strain EM7 T and the reference strains (Bowman & Nichols, 2005; Nedashkovskaya et al., 2005) . The purified isoprenoid quinones were dissolved in acetone and examined by reverse-phase HPLC (Collins & Jones, 1981b ) on a Thermo ODS HYPERSIL (25064.6 mm) column. The respiratory quinone isolated from strain EM7 T was menaquinone MK-6, which is the major or the sole respiratory quinone among members of the genus Bizionia as well as the family Flavobacteriaceae (Bernardet, 2011) . Taken together, the chemotaxonomic indicators (fatty acid composition, polar lipid composition and quinone type) suggested that strain EM7 T was a representative of a novel species belonging to the genus Bizionia.
Genomic DNA was extracted from strain EM7 T , Bizionia paragorgiae KCTC 12304 T and Bizionia saleffrena CIP 108534 T , as described by Rochelle et al. (1992) , and purified using an UltraClean kit (MO BIO) according to the manufacturer's instructions. The DNA G+C content was determined using a fluorometric method based on the CFX96 Real-Time PCR Detection System (Bio-Rad) and quantified using SYBR Gold (Gonzalez & Saiz-Jimenez, 2002) . Genomic DNA from Bacteroides thetaiotaomicron VPI 5482 T , Escherichia coli K-12, Ruegeria pomeroyi DSS-3 T , Bacteroides fragilis NCTC 9343 T and Streptococcus parasanguinis ATCC 15912 T was used for calibration. The DNA G+C content of members of the genus Bizionia is 33-45 mol% (Bercovich et al., 2008; Bowman & Nichols, 2005; Nedashkovskaya et al., 2010; Song et al., 2014; Yoon et al., 2013) . The DNA G+C content of strain EM7 T was 34.8 mol%. DNA-DNA hybridization (DDH) was performed using a genome probing microarray (Bae & Park, 2006; Bae et al., 2005; Chang et al., 2008a, b) to clarify the genetic relatedness between strain EM7 T and the type strains Bizionia paragorgiae KCTC 12304 T and Bizionia saleffrena CIP 108534 T . Microarray analysis was performed using Array Sifter Express version 1.3. The degree of DDH relatedness was calculated from the signal-to-noise ratio for the genomic probes (Loy et al., 2005) (Table S1 ). The finding that the DDH values were below the species classification threshold of 70 % indicates that the isolate is novel at the species level (Wayne et al., 1987) .
The results of the biochemical, chemotaxonomic, phylogenetic and genotypic analyses performed herein suggest that strain EM7 T is a representative of a novel species belonging to the genus Bizionia, for which the name Bizionia fulviae sp. nov. is proposed.
Description of Bizionia fulviae sp. nov.
Bizionia fulviae (ful'vi.ae. N.L. gen. n. fulviae of Fulvia).
Cells are aerobic, Gram-staining-negative, non-sporeforming, non-flagellated, rod-shaped (0.8-0.9 mm|3.6-3.8 mm) and do not produce flexirubin-type pigments. Yeast extract is required for growth. Positive for catalase and oxidase activities. In contrast to other members of the genus Bizionia, produces carotenoid-type pigments and grows independently of NaCl. Colonies are circular, raised, convex with an intact margin, saffron-coloured and 0.7-1.0 mm in diameter after 48 h of incubation on MA at 20 uC under aerobic conditions. Growth occurs at 0-25 uC (optimum, 20 uC), at pH 6-9 (optimum, pH 7) and with 0-10 % (w/v) NaCl (optimum, 2 %). Yellow-orange carotenoid-type pigments are produced, but flexirubin-type pigments are not. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities and ferments D-glucose. Utilizes Tween 40, Tween 80, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, a-ketobutyric acid, a-ketovaleric acid, propionic acid, L-alaninamide, L-alanine, L-alanylglycine, L-aspartic acid, Lglutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-leucine, L-ornithine, L-proline, L-serine and L-threonine. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 17 : 0 3-OH and iso-C 16 : 0 3-OH. The major respiratory quinone is MK-6. The polar lipids comprise phosphatidylethanolamine, three unidentified aminolipids, an unidentified phosphoaminolipid and two unidentified lipids.
The type strain, EM7 T (5KACC 18255 T 5JCM 30417 T ), was isolated from the intestinal tract of an egg cockle, Fulvia mutica, which had been collected from the West Sea in Korea. The genomic DNA G+C content of the type strain is 34.8 mol%.
